The flow around an oscillating circular cylinder which moves with constant velocity in a quiescent Newtonian fluid with constant properties is analyzed. The influences of the frequency and amplitude oscillation on the aerodynamic loads and on the Strouhal number are presented. For the numerical simulation, a cloud of discrete Lamb vortices are utilized. For each time step of the simulation, a number of discrete vortices are placed close to the body surface; the intensity of theirs is determined such as to satisfy the no-slip boundary condition.
This paper deals with the analysis of a body oscillating around a fixed position which is located in an incoming uniform flow with constant velocity; to simplify matters the oscillatory motion is restricted to heave. In previous works, Silva (2004) analyzed the same situation with the restriction of small amplitude of oscillation and Mustto et al. (1998) presented results for a rotating cylinder.
A simpler approach to the present problem would consider a fixed body located in an oscillating incoming flow; notice, however, that with this approach the whole fluid mass would oscillate with the same frequency and amplitude, which is not quite what, happens in real situations, mainly in the far field region.
For the numerical simulations a Lagrangian approach is used, more specifically the Vortex Method (CHORIN, 1973) , (LEWIS, 1999) , (KAMEMOTO, 1994 (KAMEMOTO, , 2004 , (SARPKAYA, 1994) , (HIRATA et al., 2003) . In the Lagrangian discrete vortex method, the vorticity generated on the body surface is discretized and represented by a cloud of particles carrying vorticity. Lamb vortices with a viscous core are used for that matter (MUSTTO et al., 1998) .
Results for a circular cylinder fixed and heav- In the body fixed coordinate system, the surface S b is defined by the function
Thus, in the inertial frame of reference
and, for a symmetrical body
Governing equations
For an incompressible fluid flow the continuity is written as
where u ≡ (u, v) is the velocity vector.
If, in addition, the fluid is Newtonian with constant properties the momentum equation is represented by the Navier-Stokes equation as On the body surface the adherence condition has to be satisfied. This condition is better specified in terms of the normal and tangential components as
on S b , the impenetrability condition
on S b , the no-slip condition here n and t are unit normal and tangential vectors, u is the fluid particle velocity and v is the body surface velocity. Diffusion of vorticity is governed by (11) Having determined the vorticity field the pressure calculation starts with the Bernoulli function, defined by Uhlman (1992) as (12) Following Shintani and Akamatsu (1994) , this function is then obtained using the following integral formulation 
Convection and diffusion of vorticity
For the numerical implementation, the vorticity in the fluid domain is simulated by a cloud of Lamb vortices.
For each time step of the simulation, a number of discrete vortices are generated on the body surface; the intensity of these newly generated vortices is determined using the no-slip condition, see
Eq. (7).
For the convection of the discrete vortices of the cloud, Eq. (10) The diffusion of vorticity is taken care of using the random walk method (LEWIS, 1991) . The
Therefore the final displacement is written
Numerical implementation
The u (i) and v (i) components of the velocity induced at the location of the (i) vortex can be written as
where:
] is the incident flow velocity,
] is the velocity induced by the cylinder at the location of vortex (i),
] is the velocity induced at the vortex (i) by the other vortices of the cloud.
The ui (i) and uv where the following relations remains
The drag and lift coefficients can be expressed by (Ricci, 2002) 
where ∆S j is the panel length and θ j represents the panel angle.
Results
We start presenting the results for a stand still circular cylinder immersed in a uniform flow. Table 1 shows the results for a circular cylinder, Re The sub-grid turbulence modeling is of significant importance for the numerical simulation. The results of this analysis, taking into account the subgrid turbulence modeling, are also being generated and will be presented in due time, elsewhere.
Finally, despite the differences presented in this preliminary investigation, the results are promising, that encourages performing additional tests in order to explore the phenomena in more details.
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